to "different reactivity, binding affinity, mechanism, stability, polarity, bioavailability, 
efficacy, solubility, and modes of action" as asserted on page 4 of the Restriction >- 
Requirement. In fact, Applicants note that the compounds of general formula (I) are § 
nitroderivatives of drugs belonging to two specific therapeutic classes, which are non- 

CD 

steroidal anti-inflammatory drugs (NSAIDs) and diuretics. The NSAIDs class comprises 2 

< 

radicals of subgroups IA to V Ac and VIA, and the diuretics class comprises structures of > 

subgroups V Ad and V Ae. Further, among the NSAIDs class, the subgroups may be JjJ 

UJ 

divided according to the therapeutic classification reported in THE MERCK INDEX 13th QQ 

Ed. (attachment labeled as "Enclosure 1") into: 

arylpropionic acid derivatives which comprise "R" radicals of formulae: 
Group IIAa) formulae (II), (XXI), (IV), (VII), (XXXV), (VI), and (IX); Group 
MAb) formulae (lla), (XXX), and (XXXVI); and Group IIIA) formulae (II), 
(X), and (III); 

arylacetic acid derivatives which comprise "R" radicals of formulae: group 
IIAa) formulae (VIII) and (X); Group MAb) formulae (XXXII), (XXXIII) and 
(XXXVII); and (IV); 

aminoarylcarboxylic acid derivatives which comprise "R" radicals of 
formulae: (VAa1), (VAa2), (VAa3), (VAa4), and (VAb1); 
salicyclic acid derivatives which comprise "R" radicals of formulae: Group 
VIA) formula (la); and 

NSAIDs having a sulfonamide function which comprise "R" radicals of 

formulae: (VAc1), (VAc2), (VAc3), (VAc4), and (VAc5). 
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Moreover, as demonstrated by pages 63-66 titled "Monographs on Drugs and 
Ancillary Substances: Analgesics Anti-inflammatory Drugs and Antipryetics" (attachment 
labeled as "Enclosure 2"), the class of NSAIDs are a known group of compounds that 
have analgesic, anti-inflammatory, and antipyretic properties. NSAIDs are the inhibitors 
of the enzyme cyclooxygenase and thus inhibit the biosynthesis of prostaglandins and 
thromboxanes from arachidonic acid. Further, this class of compounds generally has the 
same adverse effects, i.e., gastrointestinal disturbances, the same interactions with other 
drugs, and the same use and administration as reported pages 63-66 titled "Monographs 
on Drugs and Ancillary Substances: Analgesics Anti-inflammatory Drugs and 
Antipryetics" (attached as Enclosure 2). Therefore, although the NSAIDs have different 
chemical structures, they have the same mechanism and modes of action, comparable 
efficacy and similar side effects. 

Accordingly, Applicants respectfully request withdrawal of the secondary restriction 
requirement between of a single formula of subgroups IA-VIA, the formulae of subgroups 
l-VAc and the formulae of subgroup VIA are not unconnected in "design, operation, and 
effect" (emphasis added). MPEP §§ 802.01 and 806.06. 

For at least the above reasons, Applicants respectfully request reconsideration 
and withdrawal of the restriction requirement. 

In response to the Election of Species Requirement, Applicants hereby 
provisionally elect the 3-(nitroxymethyl)phenyl ester of aspirin of present claim 5 for 
prosecution on the merits with traverse , which has the following formula: 
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However, as 3-(nitroxymethyl)phenyl ester of aspirin is an isomer of the other two 
nitroxymethyl phenyl esters of aspirin of claim 5, illustrated below, Applicants respectfully 
submit that an election all three compounds should be allowed in response to the 
Election of Species Requirement. 




TECH/484756. 1 



Application Serial No. 10/686,907 
Attorney-Docket No. 026220-00039 



In view of the Applicant's above elections, the Applicants respectfully submit that 
the Restriction Requirement and the Election of Species Requirement have been 
satisfied. The Applicants submit that claims 1, 2, and 4-6 read on the elected species. 
Accordingly, the Applicants respectfully request examination of the claims on the merits. 

In the event this paper is not considered to be timely filed, Applicant hereby 
petitions for an appropriate extension of time. The fee for this extension may be charged 
to our Deposit Account No. 01-2300, referring to Attorney Docket No. 026220-00039 . 
Please charge any fee deficiency or credit any overpayment to Deposit Account No. 01- 
2300, referencing Attorney Docket No. 026220-00039 . 



Customer Number 004372 
ARENT FOX LLP 

1050 Connecticut Avenue, NW, Suite 400 
Washington, DC 20036-5339 
Telephone: 202-857-6000 
Fax: 202-857-6395 



Enclosures: References (2) 



Respectfully submitted, 




AmyE.L. Schoenhard 
Registration Number 46,512 
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ANTIHYPERTHYROID {continued) 

Sodium Perchlorate, 8726 
Thibenzazoline, 9383 
Thiobarbital, 9393 
2-Thiouracil, 9442 



AJVTIHYPOTENSIVE 

Amezinium Methyl Sulfate, 392 
Angiotensin Amide see 654 
Dopamine, 3455 
Dimetofiine, 3291 
Etifelmin, 3895 
Etilefhn, 3897 
Gepefrine, 4413 
Metaramlnol 5957 
Methoxamine, 60 J 7 
Midodrine, 6208 
Norepinephrine, 6727 . 
Pholedrine, 7415 
Synephrine, 9104 



ANnHYPOTHYROID 

Thyroid, 9487 
Liothyronine, 5532 
Thyroidin, 9488 
Thyroxine, 9491 
Tiratricoi, 9539 
TSH, 9870 



ANTI-INFECTIVE see Antiseptic/Dis- 
infectant 



ANTI-INFLAMMATORY (GAS- 
TROINTESTINAL) 

Balsaiazide, 947 
Mesalaraine. 5931 
Olsalazine, 6911 
Sulfasalazine, 9028 



ANTI-INFLAMMATORY (NONSTE- 
ROIDAL) see also Antiarthritid Anti- 
rheumatic 

Aminoarylcarboxylic Acid Deriva- 
tives 

Enfenamic Acid, 3614 
Etofenamate, 3907 
Flufenamic Acid. 4158 
Isonixin, 5211 
Meclofenamic Arid, 5flP2 

Niflumic Acid. 6557 
Talniflumate, 9134 
Terofenamate, 9244 
Tolfenamic Acid, 9590 

Arylacetic Acid Derivatives 
Aceclofenac, 22 
' Acemetacin, 28 
Alclofenac. 218 
Amfenac. 393 
Amtolmetin Guacii. 600 
Brotnfenac, 1374 
Bufexamac, 1461 
Cinmeiacin. 2316 
CloDirac. 2423 
, Piclokoac, IM 
froftlK, 39Q5 
Felbinac. 3979 
Fenclozic Acid. 3996 
Fentiazac. 4031 



Glucametacin. 4461 
Ibufenac, 4905 
Indomethacin, ,4990 
Isoxepac, 5259 
Lonazolac, 5587 
Metiazinjc Acid, 6160 
Mofezolac, 6254 
Oxametacine, 6985 
Piruzolac, 7571 
" Proglumetacin, 7865 
Suundac, 9072 
Tiaramide, 9500 
Tolmeun, 9595 
Tropesin, 9848 
Zomepirac, 10243 

Arylbutyric Acid Derivatives 
Bumadizon, 1470 
Butibufen, 1521 
Fenbufen, 5990^ 

Arylcarboxylic Acids 
Clidanac, 2374 
Ketorolac, 5324 
Tinoridine, 9526 

Aryipropionic Acid Derivatives 
Alnunoprofen, 297 
Benoxaprofen, 1044 
Bermoprofen, 1162 
Carprofen. 1876 

Wunoxaprofen, 4774 
Flurbiprofen. 4225 
Ibuprofea, 4906 
IbupTOxam, 4907 
Indoprofen, 4991 
Ketoprofen, 5322T 
Loxoprofen, 5611 
x ^ \6443 



Piketoprofen, 7503 
Pirprofen, 7591 
Pranoprofen, 7796 
Frotizimc ■ A ddr79&? 
Suprofen, 9095 



■Tiaprofenic Acia^ 9498 
Ximoprofen, 10133 
Zaltoprofen, 10166 

Pyrazoles 

Difenamizole, 3159 
Epirizole, 3653 

Pyrazolones 
Apazone, 733 
Benzpiperylon. 1120 
Feprazone, 4040 
Mofebutazone, 6252 
Morazone, 6290 
Oxyphenbutazone, 7041 
Phenylbutazone, 7361 
Pipebuzone, 7538 
Propyphenazone, 7963 
Ramifenazone, 8193 
Suxibuzone, 9100 
Thiazolinobutazone. 9379 

Salicylic Acid Derivatives 
Acecaminosalol. 49 



Gentisic Acid. 4409 
Glycol Salicylate, 4512 
Imidazole Salicylate, 4936 
Lysine Acetylsalicylate, 5657 
Mesalamine, 5931 
Morpholine Salicylate see 6303 
1-Naphthyi Salicylate, 6440 
Olsalazine, 6911 
Parsaimide, 7117 
Phenyl Acetylsalicylate, 7354 
Phenyl Salicylate, 7394 
Salacetamide, 8398 
Salicylaraide 0-Acetic Acid. 
8408 

SaUcylsulfuric Acid, 8413 
Salsalate, 8418 
Sodium Salicylate see 84 11 
Sulfasalazine, 9028 

Thiazinecarboxamides 
Ampiroxicam, 592 
Droxicam, 3491 
Isoxicam, 5267? 
Lornoxicam, 56*05 
Piroxicam, 7589 
Tenoxicam, 9225 

Others 

e-Acetamidocaproic Acid, 46 
S-Adenosylmethionine, 157 
3-Amino-4-hydroxybutyric Acid. 
442 

Bendazac, 1032 
Benzydamine, 1124 
or-Bisabolol, 1241 
Bucolome, 1451 
Celecoxib. 1968 
Dtf'enpiramide. 37*52 
Ditazol, 3403 
Emorfazone, 3594 
Etanercept, 3747 
Fepradinol 4039 
Guaiazulene, 4570 
Infliximab, 4995 
Interieukin-IO, 5020 
Lexipafant, 5493 
Nabumetone, 6369 
Nimcsulidc, 6576 
uxaceproi, ov/i 
Paranyline, 7101 
Perisoxal, 7254 
proquazone, 7965 
Rofecoxib, 8330 
Superoxide Disrautasc, 9092 
Tenidap, 9227 



Aspirin. 8 56 

Balsaiazide. 947 

Benorylate. 1043 

Calcium Acetvisalicvlaie. 1646 

Diflunisal. 3170 

Fendosal. 3998 



ANTI-INFLAMMATORY . 
(STEROIDAL) see Glucocorticoid 



ANTILEPROTIC see Antibactcriol 
(Leprostatic) 

ANTILEUKEMIC set Atiti^ n P laittC 

ANTlLfPEMIC see AndhyP^^ 
teinemic 



ANTILIPIDEMIC sec Annhyr^ 
proteinemic 
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Therapeutic Category and Biological Activity Index 



J 



Part I 



Monographs on Drugs and Ancillary Substances 

z*zt Antwnfl ~^ «• Antipyretics 

Choice of Analgesic, d 2 Diabetic neuronariw n c 



Analgesia and Pain, p.2 
Oioice of Analgesic, p.2 
Choice of analgesics in children p 3 
Nerve blocks, p.3 
Patient-controlled analgesia, p.4 
Postoperative Analgesia, p.4 
Rubefacients and topical, analgesia, p.4 
Specific pain states. p.S 
Biliary and renal colic. p.S 
Cancer pain, p. 5 
Central post-stroke pain, p.5 

m a t„? y T„Te^ i e d f e :f Cn n bed V* ^ « <*« 
times i fa*r t£T ff™- ,nflam ri"">on and, some- 

Aspirin and other Salicylates 

salicylates) 52" ( ' h °V« h " ol "on-acelylated 
ac t tylates "* en ^<™ whereas 

.ive^ s ^arr^rr^re? l ? * h ^- 

s fia^sa" ° s H ieoanhri - 

ankylosing spondvlilis ^ i ■ path,e """"•«<. and 
lar and rheumatic pain Asoinn 1 J 5° f muSCU - 

Faai&s£3£S3S 

XTS^X"? - - *»»■ 

Described in (his chapter arc 
Aloxiprin, p. 13 
Aluminium Aspirin, p. 13 
Ammonium Salicylate, 
p. 1 4 

Amy I Salicylate, p. 14 



Diabetic neuropathy, p.5 
Dysmenorrhoea, p.6 
Headache, p.6 
Labour pain, p.6 
Low back pain, p.6 
Myocardial infarction pain, p.7 
Neuropathic pain syndromes, p.7 
Orofacial paia p.7 
Pancreatic pain, p.7 
Phantom limb pain, p.7 
Postherpetic neuralgia, p.7 

arthritis; me^y d» teCf fT JUVCnHe "'"P^ 
The .C&'W ■ P^riatic archritis. 
ic disorders is™ y5S£%£ ,dc0m P°'"> d « «■ "leum*- 

Oesenbed in this chapter are 
Auranofin, p. 18 
Aurothioglucose. p. IS 
Aurotioprol, p.|9 



Sickfe-cell crisis, p.7 
Sympathetic pain syndromes, p.8 
Tngeminal neuralgia, p 8 
Increased Body Temperature, p 8 
Fever and hyperthermia, p.8 

MusculoskdeulandJointD4rders. P 8 
^venrte idiopathic anhrtti,, p 9 P 
Osteoarthritis, p.9 
Rheumatoid arthritis, p.9 
Soft-tissue rheumatism, p. 10 
Spondyioarthropathies, p. 10 
Still's disease, p. 1 1 



^^Atti.otWomaIaie.p.82 
Sodium Auronosulfate, p.84 



Aspirin, p. 14 
Bomyl Salicylate, p.20 
Carhasalatc Calcium. 
p.23 

Choline Magnesium 
Trisalicylatc, p. 24 

Choline Salicylate, p.24 

DiethyJnmine Salicylate. 

P-32 
Diflunisal. p.32 
Ethcnzaraide, p. 3 5 
Ethyl Salicylate, p.35 
Fosfosal. p.42 
Glycol Salicylate, p.42 
Imidazole Salicylate 

p.44 



Lithium Salicylate, p.50 
Lysine Aspirin, p. 50 
Magnesium Salicylate 
p.50 

Methyl Buteiisulicylate, 
p.55 

Methyl Salicylate, p.55 
Morpholine Salicylate 
p.59 

Picolamine Salicylate, p 78 
Salamidacetic Acid, p 81 
Salicyiamide, p.82 
Salix. p.82 
Salol.p.82 
Salsalate, p.82 
Sodium Salicylate, p.84 
Sodium Thiasalicylate 
p.84 

Thurfyl Salicylate, p.88 
Trolaminc Salicylate 
p.90 



the cognitive forrn o^Sf^ov $ 
for a, leas. ^iiL^K^S^ rCSP ° nSible 

both COX-I and 00^^ /^^ CO*?* 



Oiseae-modifylng Antirheumatic Oru« 

fasalazi™ ,pV 2 5n y r 5„°7,r hl0ro, ' uin<: <P« 7 >. «U" 



ophthalmic preparations for n 0 ™ "* ■« cd in 



described in this chapter are 
Aceclofenac, p. 1 1 
Accmeiacin.p.ii 
Alclofenac, p.M 
Alminoprofen. p. 13 
Aminophenazone, p. 13 
Aminopropylone.p.n 
Ampiroxicam. p.M 
Amtolmetin Guacil. p. 14 
A*apropawine.p.J9 
Bcndazac. p. 1 9 
Benoxaprofen, p.20 
Beiuydamine. p.20 

H«i.„„,; _■ 



Isonixin, p.47 
Kebuzone, p.47 
Keioprofeo. p.47 
Ketorolac, p.4 8 
Lonazoiac. p.50 
Lomoxicam. p.50 
LoAoprofcn. p.50 
MecJofenamate, p.5| 
Mefenamic Acid, p.5 j 
Meloxicam. p.51 
Mofebuiazone, p.55 
Mofeiuloc. p.56 



Bera-uminopruptonitrilc p^O Mn^' pJ6 

Bromfena^p.20 ^''^ Monnftmw. p.56 

H Nabumetone. p.59 

1 



Bufexaniac, p.20 w 

BmibufenSodh^p^ StTfJ 1 * - 

Catprofen, p.23 P S^i^* p6 V 

Cdecoxib.p.24 Ntmcsulide, P .62 * 

Clofauinide,p25 ^aprozin.p.70 

Clofezone. pis Ox^henbutazoae. p.7] 

nonixin.p^>" PJrecoxib. p.74 

Chclofenac.p.30 Phenazone. p.77 

Dipyrone, p .34 P^ylbutazone, p.78 

Dro.xicam. p 34 Pj^oprofen. p.? 8 

Eltenac.p.34 ™wcam, p.79 

Epirizole, p.l 5 PranopiDfen. p.80 

EiodoJac p35 ^rogluroctacjn. p.80 

Etofcnamaic p 35 ^Pyphemzone, p.80 

Felbinac.p.36 Proquazone, p.80 

Fcnbufeo.p.36 ^L < T ,ne c p,8 ° 

Eenoprofeipje ^«b.p.8l 

Fentiazac.p.40 Sulmdac. p.85 

Fcpradinol.p.40 lS S °* p87 

Fcprazone,p H 40 T^^^ 

Flocuifeiiine > p4o «oW«P.p.87 

Flufenamic Acid, p 41 p87 

Plunlxin. p .4j P Temdarame, p.87 

RuDoxaprofen, p.4] SE2? ie ^P- w 

Flurbiprofen, Mi ^aramlde.p.88 

Purprofa, tP :45 ^du». p . 8 8 

Clafenine. p42 ^ fenamic Acid, p.88 
Glucan^tac^ 

Ibupmfen^ U^ate.p.90 

Ibup^am.p.44 Ve^ b ' P S 

Opioid Analgesics 

term opiate m^Z ^tTf 0 ? (See ^ T1» 
rived from opium ot ^L Js^^ ° Pi ° idS de 
term narcotic analgesicTh^S^ c ? n 8 ene ™- Th< 

pain, and SftS"-? ^ ,esS ^ 

such as aspirin, omer NS a7d« o non -<>P""d analgesics 
'ent opioids such aT mortis ParaC ! tamo1 - More P°- 
cfronic N„ h 1ncr^ n c^ r r n in So t Vere ^ 
such as codeine, momhine Tnrf r ? 0me °P ,0,<ls 
ased as amltuj.LT aTthZih^L * amor Phine are also 
-served for ZZ^£^™>~*> 

=SS atnc" SS^VXSffl 

si is" r and « - 
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of up to 200 mg twice daily by mouth or rccully for inflamma- 
tory condmons. fever, and pain. Nimesulide beiadex .nimesu- 
hde betacyclodexinn complex) has been used similarly. 
0 References. 

' BCnn u" V- "J' NI,Dcsulide: * 'tiultifacionul therapeutic iD - 
2. Dim* R. Bmgden RN. NitneKuIide- an update of iu phaniucodv- 

Kopic lurjtry. Crr 7»»r K„ IMS; 59: I6°7l 
6. Shah A A, etat. Selective inhibition of COX- 2 in - 
Ad«er»« effects. Although ihmmbocyropenia is a common 



(2600-p) 



ki . ., Narceine/ Nonsteroidal Anti-inflammatory Drugs 63 

contra! patient* not being trJed 

fn T.. k ' ? S nsk was iflctl ««d tenfold in those with, h fe 
increased risk of heart failure. ^ 



Drugs 

NSAIDs. 

Adverse Effects and Treatment 

.with NSAIpj ^re jacrauy yasj^gg HnSTTnci^ 

m frairhowj; are usuall y mild and rtVflB Me 
but in some patterns peptic ulceration and severe gas- 
trointestinal bleeding may occur. It is generally 
ggreed tha t the gastrointestinal effect KH?A l iy J • 



~ I. Johnson if! -» « 

CNS-related side-effects include headache, vertigo 
™S nervousnes ^ ^nitus, depression, drowsi-' 



A^S?"* l reP ° n2 ° f 3 Patknl who Sloped fulminant 
hepatic faxlurr after treatment with nimesulide. 

Irreversible enrf.ji^ renal failure has been reported in a neo- 

?l C ,^ a , TTo W , h ° feCeivcd «^«ulidV as a 
from the 26th to the 32nd week of pregnancy. 1 0thers have 2« 
reported neonatal renaJ failure associated with wSJtolw? 
I. Pasticci MB. Nimesuijde. tlirumbocytopcnic Duron™ 1n d 

4 " SJiSSJS^;- Nin,esu!iJtand ««w-l renal failure. ta«- 

Premature labour. Nimesulide has been tried as an alterna- 

de,a * ,ab0Ur in ■ P a "™ with ai^f 
preterm dehvery.' Nimesulide was given from 16 to 34 weeks 

*** a s,,ccessful de,iver >' slarted 6 *>ys «£r 3E 

drawal. There appeared lo be no adverse effect on fetal renal 
ururuon or the ductus arteriosus. The authors sug««Ted Uia 

through cyclo-oxygcnasc- 1 and that a relatively selective eye 
o-o*ygenasc-2 tnhibitor such as nimesulide might produce 
fewer adverse effects on the fetus than other nonSive 
NSAIDs. However, advert renal effects have been reported n 

I. S.wd, R. „ „/. jj« of , cyellHwygeme lype.J.«|ecti»« „„„. 

Preparations 

M^T^v^S™** 0 "' idmi[s ^ven in Pan 31 
Mesulid; MP I I0f; Ncrelid: .Vide; Nidolf ; N°mcd« IStaleS Ni ' 



ness. and msomma. Hypersensitivity reactions may 
occur occasionally and include fever, angioedema 
bronchospasm. and rushes. Hepatotoxicity and asep- 
lie memngms, which occur rarely, may also be hyper- 

wZ^er w ^ emsraaye ^- 

Haematological adverse effects of NSAIDs include 
anaemias thrombocytopenia, neutropenia, eosino- 

of D,l l e n ,t a8ranU,0Cy ' 0SiS Un,ike inhibition 
NSAIDs aggregu,l0n is reversible with oiher 

Some NSAIDs have been associated with nephrotox- 
ic^ such as mterstitial nephriUs and nephrotic syn- 
drome; renal failure may be provoked by NSAIDs es- 
pecially ,n patients with pre-existing renal 
mpairment. Haematnria has also occurred. Fluid re- 
tention may occur, rarely precipitating heart failure in 
elderly patrents. Long-term use or abuse of analge 
sics, including NSAIDs. has been associated with ne- 
phropathy. Other adverse effects include photosensi- 
tivity. Alveolitis, pulmonary eosinophil 
pancreatitis. Stevens-Johnson syndrome, and toxic 
epidermal necrolysis are other rare adverse effects 
hductton or exacerbation of colitis has also been re- 

FurthCT details concerning the advene effects of the 
nd.v,dual NSAIDs may be found under their respec 
live monographs. 

» The relative toxicity of NSAIDs is a continuine subicct or 

ng lo lUeir toxicity on various body systems.' For hS 
tails see below under individual healings ror,unlKr «- 



Page i. Henry D. Consumprioa of NSAJDs and the d«el rtn m.«, 
of congwove heart failure in eUaly^^ T^SS^ 1 
used public h ith n nh .™ paucnii ji <f derrccog- 



^he*^?! 6 CNS J A ,i ' era,un: rcview ' reveled mat head. 
ven£ S ' 0SS -- Md "J"" 115 «" "» «■«' Squeal CNS^- 

E^EZtoffi ^he-utosus who^Sg 
SIT. 4150 P^?^ ^Pons of ^1,0^ appea, t0 ^ 
Wel^ , . nTOlv « 1 ." 1 *>™'acin or suliadac. b^indie „. 
X slenTSS'f " ,8 .P rob » bl >' «nder- re poned J 

etab. at rog „„ ivl! dvaruS.a iJr/, *JK Sg^f 
1025-9 Persons, y Mm Geria/r 5<xr 109,5. 4^. 
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Nonivamide (9265 t ) 
Nonivamide (V/NiV/ 

NonyKanJamide. N-Vanillylnonamtde; /V-[(4-Hydroxy-3-m e th- 
oxyphenyl)methylJnonanamide. X 
C )7 H J7 NOj = 293.4. 
— 2444-46-4. 

2 . Use of the r tc ™ 'synthetic capsaicin" to describe noniva- 
rmde has arisen from the use of noniVamide as an ISStoSl £ 
capsaicin and capsicum oleoresin. AiuHerant tor 

Profile 

Nonivamide is used in topical preparations as a rubefacient. 
Preparations 

c^tt^ 7 «T repa ? 4 f lon$ (dc,aiIs arc « iven in p ^ 3j 

wlnnep^^ armC " PnaS,<rr Sensilive: Golha P la ^ C^ric... 

tt«utin^ ; Forapin: His,3,fianc: Rada, g j - SSSwft 



T*e symbol t denotes a preparation „o longer actively rnarkeied 



fIZ C X ° n the , b ' ood - UK Committee on Safety of Med- 

i^' Seve afn^ rT 00 and neutrope 

:|granulocy,osis (45 fatal) and 187 of ncutro%„ ia t^ataj/ 

Xa (ZT ^"'^^^ < 39 faia ») ^ 40 of neutm 
'' 13™","!^°!' Sa,<,y u '' M ^,cinea/M«licin« Control Agency 

Effects on the cardiovascular system. A meta-analysis' of 
50 randomised trials studying the effects of NSAIdTot i ltoZd 
Pressure m a lotai of 771 patients found that NSAIDs had it 
vnted mean supme blood pressure by 5 mmHg l^oxicam in 
donjetacm. and ibuprofen had produced tij TgreaSt £££ 
nut the effect was only found to be statistically siLmnca^ 
p.rox,cam Aspirin, stilindac. and f^b^n S^Z 
smallest elevation in blood pressure whik I me 

re^t d ^° fCn " ^^iSt 
urease was more marked in studies in which paUente had re- 

treatment had not been used. NSAIDs had antagonised all anti 
hyper tensive therapy but the effect had been greater agaJnst 
beta blockers and vasodJlators than against diuretics An eariier 
me a-analysis of intervention studies had prXS'sfmi^ re 
suits.- Of the 1 J24 patients who had received .NSaTds TncreL. 
« 1.1 mean arterial pressure were greatest in hvoerteniiS^I 
uents who had taken either SoZ cin S ^ 
ptroxtcam. although results were only sigmlicam foHndomet 



Effects on electrolytes. See under Effects on the Kidneys, 

fects on the eyes associated with muitv 1 scnous et- 

Of the 24 cases of papiUoedema with or without pseud«urnour 
cerebri more than half were associated with prScSe 
nvauves, but ,1 was considered that the 1^^0*0 511*" 
rare occasions, most NSAIDs could cause this dffecf- »S 
number of reports for individual drugs wL 7 for £ e t 

I each for dtflumsal, ketoprofen, sulindac and tolmSn 7i 
most rwo.thirds of the 120 cases of opticTrerrobS^ 
were also associated with propionic aci?7erivatTves T 
number of reports for individual drugs w« mS23£ ?i 
naproxen 17, indometacin 9, ^^I^ZZ^i 
8. piroxicam 8, zomepirac 7, sulindac 6 feno^rofen s . 

JiStf.^L'T reponsof rfvere 'omeal toxicity .mociared 

it:rnfe»f A,Ds - sucnM ^° f '- 
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JL P e ^ ndcm "n" vanes individual dra^s 

that ia thought to involve COX- 1 inhibitioT 
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NSAlDs mn\ increase the incidence uf bleeding in the upper 
gastrointestinal tract and of perforation, but senous complica- 
tions are relatively infrequent. Although theciTeci* of NSAlDs 
on the upper gusirointesrinal tract are well recognised they have 
also been associated with damage to the distal small intestine 
and colon. 1 ** Risk factors continue to he studied and *o far the 
most important patient-related factors for upper gastrointesti- 
nal toxicity ire old age, a history of peptic ulcer* or Wiling of 
the gastrointestinal tract, and concomitant use of corticoster- 
oids. A pilot study has also suggested that NSAlDs can pro- 
duce a high degree of gastrointestinal toxicity in children.* 
Whether infection with Helicotvtaer pylori affects the risk for 
NSAID-induced peptic ulcers is unclear/" Duration uf-iherapy 
is not thought to influence the risk for serious events; a recent 
cohort study ,! has found that the risk of gastrointestinal bleed- 
ing or perforation with NSAlDs is constant throughout treat- 
ment. 

Several studies' : ' M have been conducted on the relative toxicity 
of oral NSAlDs on the upper gastrointestinal tract and various 
rankings of these drugs have been discussed. ' 5 ' 17 The L'K Com- 
mittee on Safety of Medicines t'CSMj' 7 examined 10 epidemi- 
ological studies for 7 oral non-aspirin NSAlDs and also exam- 
ined the spontaneous reports they had received of 
gastrointestinal effects associated with NSAlDs. The CSM 
concluded that azapropazone was associated with the highest 
risk of gastrointestinal reactions and ibuprofen with the lowest 
risk. Piroxicam. ketoprofen, indometacin, naproxen, and di- 
clofenac had an intermediate risk: it was considered that the 
risk for piroxicam might be higher than for the other NSAlDs 
with intermediate toxicity. In a systematic review 1 * 1 of control- 
led epidemiological studies that found a relation between 
NSAID use and hospital admission for gastric haemorrhage or 
perforation, ihe low risk of serious gastric tonicity with ibupro- 
fen appeared to be attributable mainly to the low doses used 
clinically; higher doses of ibuprofen were associated with a 
similar nsk to indnmetacin and naproxen. For reference to an 
association between aspirin and the most severe gastric lesions 
compared with other NSAlDs, see p. 15. Results from control- 
led trials have confirmed that the selective COX-2 inhibitors 
are associated with a lower incidence of serious gastrointestinal 
effects, such as bleeding, perforation, and obstruction, than the 
traditional NSAlDs 1 " (see also Celecoxib. p.24 and Rofccoxib. 
p.SI for further details). However, since the risk of such effects 
is inherently low in those with no history of peptic ulcer dis- 
ease, the general prescribing of selective' COX-2 inhibitors to 
all patients requiring an NSAID is questioned. Indeed, in the 
UK. the use of selective COX- 2 inhibitors is limited to those at 
high risk of developing serious gastrointestinal problems if giv- 
en a non-selective NSAID. High- risk patients include the eld- 
erly, those already receiving gastrotoxic drugs, and those with 
:xisting gastrointestinal disorders 

There has been concern that topical use of NSAlDs may also 
be associated with gastrointestinal toxicity but a case-control- 
led study 20 concluded that topical administration was not asso- 
ciated wiih significant upper gastrointestinal bleeding or perfo- 
ration. 

Apart from the selection of an NSAID with a lower risk for 
gastrointestinal toxicity, other methods used for the prevention 
jr treatment of NS A ID-associated ulceration are discussed un- 
ler the treatment of peptic ulcer disease on p. 1 208. 
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cal T!n r 1993: 53: 485-94 
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sulis of a cdljiwirative meia-analv.sis. BMJ I99p; 312: 1563 6 
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Effects on the joints. There is concern that NSAlDs such as 
indometacin may accelerate the rate of cartilage destruction in 
patients with osteoarthritis.' : 

1. Rashad S. et al. F.ffeel of non- steroid.il nnti-inflammatnry drugs 
on ihe course of osteoanhritis. Lauiei 1989: »: 519-22. 

2. Huskisson EC. et al. Effects of ant iiitfl amma tory drugs on the 
progression of osteoarthritis of the knee. J Rltrtanatal 199S n : 
1941-6. 

Effects on the kidneys. NSAJDs can produce a numher of 
different renal disorders following systemic or topical adminis- 
iration, 1 some of which are due to their inhibition of prostag- 
landin synthesis. 3 -* Under normal conditions prostaglandin; 
appear to have little effect on renal homeostasis but in the 
presence of renal vasoconstriction their vasodilator action in- 
creases renal blood flow and thereby helps to maintain renal 
function. 4 - 5 Patients whose renal function is being maintained 
by prostaglandins arc therefore at risk from NSAlDs. Such pa- 
tients include those with impaired circulation, the elderly, those 
on diuretics, and those with heart failure or renal vascular dis- 
ease. 24 Other risk factors for renal impairment with NSAlDs 
. include dehydration, cirrhosis, suryerv. sepsis. 6 and a history of 
gout or hyperuricaemia.'* The half-life of an NSAID may be a 
more important detenninani of the risk of developing function- 
al renal impairment than the ingested dose. 7 Evidence of renal 
tonicity of the eyclo-oxygenase-2 CCOX-2) selective inhibitors 
is less extensive; however such NSAIDS appear to have effects 
on renal function similar to those of the non- selective 
NSAlDs* 

ACE inhibitors can also pnxluce renal impairment and com 
bined use with NSAfDs should be undertaken with great cue. 
Prostaglandin inhibition may also lead to salt and water reten- 
tion particularly when there is> pre-existing hypertension or so- 
dium depletion. 4 NSAlDs. therefore, tend to 'counteract the ac- 
tion ot diuretics and antihypertensives. 2 -' There have been 
isolated reports of severe hyponatremia and other symptom* 
resembling the syndrome of inappropriate antidiuretic hor- 
mone secretion in patients tuking NSAlDs." 10 
Potassium hoinoeostasis is less dependent on prostaglandins 
und hyperkalaetnia occurs infrequently with NSAlDs.' It is 
more likely to occur in patients with specific risk factors such 
as those receiving potassium supplements or potassium-spar- 
ing diuretics. 1 Indometacin appears to be the main NSAID im- 
plicated (see also Effects on Electrolytes, p.4S). 
NSAlDs may cause acute interstitiul nephritis, perhaps involv- 
ing an allergic response, 2 - 3 " and it may progress to interstitial 
fibrosis or papillary necrosis. 3 - 12 

AmiJgcsic abuse or prolonged excessive use can produce neph- 
ropathy, a condition characterised by renal papillary necrosis 
and chronic interstitial nephritis, and. eventually, renal fail- 
ure. - Phenacetin. a para-aminopheno! derivative, has long 
beeo recognised as being one of the main drugs responsible for 
analgesic nephropathy ,' 1,5 but nephropathy has also been asso- 
ciated with the long-term use of NSAlDs and paracetamol 
without phenacetin.' 5 
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Effects on the liver. A retrospective study involving o\er 
220 000 adulLs who were either using, or had used. NSAlDs 
identified a small excess risk of serious, acute non-infectious 
liver injury: in current users there was a twofold increase in risk 
and there was a predomi nance of the cholestatic type of liver 
injury among such patients. Nonetheless, admissions to hospi- 
tal tor liver injury had been rare. 1 In a review 2 of cohort and 
case-control studies describing an association belwecn 
NSAlDs nnd liver disease, the strongest evidence emerged for 
sulmdac. There were also a significant number of reports of 
hepatotoxicity on rechallenge with diclofenac. Evidence of 
hepaiotoxiciry for oilier NSAlDs was weak, although the risk 
appeared to be high wheo they were used with other hepatotox- 
ic drugs. However, the overall incidence of liver disease with 
NSAlDs was very low. 

1. Garcia Rodriguez LA. it «/. The role of nun-MeioiduJ ami-iu- 
flammalory drugs in acute liver mjurv. BMJ 1 992; 305: 86 t '-8 
Correction, ibid.: 920. 

2. Munoukian AV. Carson IL. Nonsteroidal a nti- inflammatory 
drug-induced hepatic disorders. Drug Safety 1996, 15: 64-71. 

Effects on the lungs. Adverse pulmonary effects such as 
pneumonitis, alveolitis, pulmonary infiltrates, and pulmonary 
fibrosis, often .suggestive of an ullergic or immune reaction, 
have been reported with a number of NSAlDs. For references, 
see under individual monographs. 

Effects on the pancreas. A review' of drug-induced pancre- 
atitis considered thai sulindac was amongst the drugs for which 
a definite association with pancreatitis had been established. 
There had been isolated reports of pancreatitis with ketoprofen, 
mefenamic acid, and piro.\»cam but any association was con- 
sidered to be questionable. For further references see under in- 
dividual monographs. 

I Underwood TW. Frye CR. Drue- induced pancreatitis Clin 
Ptmrm 1993; 12:440-8. 

Effects on the skin. The diverse cutaneous reactions to 
NSAlDs have heen reviewed.' Of 250 children attending a 
rheumatology clinic 34 (1.1.6*) were found to have 4 or more 
laciai scars of unknown origin. : This number of scars was 
found in 22.2% of the 1 16 children who had received naproxen 
and in 9.2% of the 87 who had received other NSAlDs. Chil- 
dren affected were more likely to have light skin and blue or 
green eyes. It was not known whether this was a form of pho- 
toto.xic reaction but pseudoporphyria-hke eruptions associated 
with NSAlDs, and naproxen in particular (see p.61 ). have been 
reported. 

See also under Hypersensitivity, below. 

1 . Bighy M. Stern R. Cutaneous reactions to nonsteroidal anti-in- 
ilammiiiojy drugs. J Am Ae«d Detmatoi IvSS; 12; 866-76. 

2, Wallace CA, et at. Increased mtc of facial <curs in children tak- 
ing nonsteroidal antiinflammatory drugs. J Pediatr 1994; 125: 

Hypersensitivity. NSAlDs have produced a wide tang e of 
hypersensiavitv reactions m susceptible individuals; ih e iriost 
common include skin rashes, urticaria, rhinibs, aim ioecgma. 
hnmchoconstflction and anaphylactic shock. K yperensdtt 7 ???" 
to NSAlDs appears to occur more' Iie6>i«inliy In patients with 
asthma or allergic disorders but other risk factors have been 
identified (for further details see under Aspirin, p. 15). The oc- 
currence uf aspirin sensitivity in patients with asthma and nasal 
polyps has been referred to as the 'aspirin triad*. There is con- 
siderable cross-reactivity between aspirin and other NSAlDs 
and it is generally recommended that patients who have had a 
hypersensitivity reaction to aspirin or any other NSAID should 
avoid all NSAlDs. For references to hypersensitivity reactions 
associated with NSAlDs, see under individual monographs. 
Overdosage. The clinical signs and symptoms following 
acute overdosage of NSAlDs and methods of treatment have 
been reviewed. 1 In general, symptoms of NSAID poisoning are 
mild, and usually include nausea and vomiting, headache, 
drowsiness, blurred vision, and duzincss. There have been iso- 
lated case, reports of more serious toxicity, including seizures, 
hypotension, apnocu. coma, and renal failure, although usually 
after ingestion of substantial quantities. Seizures are a particu- 
lar problem with mefenamic acid overdosage. 
Treatment of NSAJD overdosage is entirely supportive. Gastric 
lavage and activated charcoal may be of benefit within I hour 
of ingestion. Multiple doses of activated charcoal may be use- 
ful in enhancing elimination of NSAlDs with long hulf-lives 
'uch as pttVAicani and sultndac. Forced diuresis, hjcmodialy 
sis. or haenropertu.Mon are unlikely to ho of benefit for NSAID 
overdosage, although haetnodialysis may be required if oligu- 
ric renal failure develops. 

I. Smolinske SC. et al. To.\ic effects of nonsteroidal anti-innainma- 
mry drugs in overdo.te: an overview .if i<-i.e:ii evidence 011 clini- 
cal eilecis and dose-tespon>e relation.ihip-. Pru? Sa(ee: 1990. S: 
252-74 

Precautions 

NSAfDs should not he given to patients with p ept ic 
ulceration and should be used with caution, il at all. 



I? Dur»ach UC. et at. An epidemiologic -.ludj of ibuwl" jnal^e^H 
drugs; effects of phenacetin Jrtd »«lic* !.-.(«• .,-1 moitjliiy and cai 
djoi-awular morbidity » l9nSlo t9S?j A- £,»*/ j Mnl 324: 

In PernegerTW/,,/ Rsikof kidney feilure associated vr.h the use 
ot acetamtnortitn. ^piiin. j,,d ounslenndj amiinllamm.iu.rs 
diuus. ,V £»-/ J Wr-rf 1994: J.t| : lo?5-4. 



in patients with a history ot .sHjcTTatsiJi'dei ts. IrJ I'vKlUCg ' 
the risk ol gasiromtcstinal ettects, NSAlDs mav be 
taken with 01 after food or milk. Histamine H r amag- 
onists. omeprazole, or misoprostol may be used for a 
similar purpose in high-risk pntiems (sec under Peptic 
Ulcer Disease, p.1208). However, food. milk, and 



such measures may reduce the rale and extent of drug 
absorption. UK authorities recommend that NSAIDs 
associated with the lowest risk of gastrointestinal tox- 
icity (see Effects on the Gastrointestinal Tract, under 
Adverse Effects, above) should be tried first in the 
lowest recommended dose, and not more than one 
oral NSAID should be used at a time; selective inhib- 
itors of cyclo-oxygenase-2 (COX-2) are reserved for 
patients at highest risk. 

NSAIDs should be used with caution in patients with 
infections, since symptoms such as fever and inflam- 
mation may be masked, and also used with caution in 
patients with asthma or allergic disorders. NSAIDs 
(including topical NSAIDs) are contra-indicated in 
patients with a history of hypersensitivity reactions to 
such drugs, including those in whom attacks of asth- 
ma, angioedema, urticaria, or rhinitis have been pre- 
cipitated by aspirin or any other NSAID. 
Other general precautions to be observed include ad- 
ministration to patients with haemorrhagic disorders, 
hypertension, and impaired renal, hepatic, or cardiac 
function. Patients undergoing therapy with some 
NSAIDs may need to be monitored for the develop- 
ment of blood, kidney, liver, or eye disorders. 
NSAIDs should be used with caution in the elderly 
and may need to be given in reduced doses. 
Regular use of NSAIDs during the third trimester of 
pregnancy may result in closure of fetal ductus arteri- 
osus in utetv. and possibly in persistent pulmonary 
hypertension of the newborn. The onset of labour 
may be delayed and its duration increased. 
Some NSAIDs can interfere with thyroid function 
tests by lowering serum-thyroid hormone concentra- 
tions. 

Further details concerning the precautions of the indi- 
vidual NSAIDs may be found under their respective 
monographs. 

Pregnancy. Results from a case -control interview study 1 sug- 
gested thai prenatal ingestion of aspirin or other NSAIDs might 
be Implicated in persistent pulmonary hypertension of the new- 
born. The authors suggested thai these drugs may be responsi- 
ble for gestational structural or functional alterations of the pul- 
monary vasculature. However, the primary cause might also 
have been the underlying disorder for which the NSAIDs or 
aspirin were ingested. They were unable to pinpoint in which 
trimester the drugs might have their proposed action, and con- 
cluded that further evaluation was necessary. A more recent 
study 2 has found that persistent pulmonary hypertension of the 
newborn is significantly associated with in utero NSAID expo- 
sure, particularly to aspirin, ibuprofen. and naproxen. Fetal ex- 
posure to an NSAID was confirmed by meconium analysis. 
Another study 3 has suggested that the risk of iiuscarriage is in- 
creased with NSAID use; however, the authors pointed out that 
the observation remained to be confirmed. The same study also 
found no association between NSAID use and congenital ab- 
normalities, low birth weight, or preterm birth. 
Most manufacturers recommend avoidance of NSAIDs during 
pregnancy, unless the proposed benefit outweighs the risks, but 
in many cases published data on use of the drugs in pregnancy 
is scanty or ubsent, making an informed decision difficult. 
I. Van Marter U, ei al. Persistent pulmonary hypertension of (he 
newborn and smoking and aspirin and nonsteroidal antiinflam- 
matory drug consumption during pregnancy. Pediatrics 1996; 
97: 658-63. 

2 Atano MA. et at. Analysis of nonsteroidal antiinflammatory 
drugs in meconium and its relation to persistent pulmonary hy- 
pertension ot the newborn. Pediatrics 2001; 107: 519-23. 
y Nielsen GL. et al. Risk of adverse birtb outcome and miscarriage 
in pregnant users of non-steroidal anti-inflammatory drugs: pop- 
ulation based observational study and case-control study. BMJ 
2001:322: 266-70. 
Renal Impairment. The British National Formulary recom 
mends that NSAIDs in general should be given at the lowest 
effective dose in patients with mild renal impairment and that 
renal function should be carefully monitored; they should be 
a voided if possible in patients with moderate to severe renal 
impairment. 

See also undeT individual monographs. 

Thyroid function tests. References to the interference with 

thyroid function tests by some NSAIDs. 

I. Bishnui A. et al. Effect of commonly prescribed nonsteroidal 

anti-inflammatory drugs un thvroid hormone measurements. Am 

y.*frtil994;96: 235-8. 

Interactions 

Notable interactions involving NSAIDs include en - 
hancement of the effects of oral anticoagulants (espe- 
cially hy azapropazone and phenylbutazone) and in- 



creased plasma concentratio ns of lithium^ 
methotrexate, and 1 cardiac glycosides. The risk o f ne - 
phrotoxicity may be Increased if given with A ^ ^°" 
hibitors, ctclosporin, tacrolimus, or diuretic s. Effects 
on renal function may lead to reduced excretion of 
some drugs. There may also be an increased risk of 
hyperkalemia with ACE inhibitors and potassium- 
sparing diuretics. The antihypertensive effects of 
some antihypertensives including ACE inhibitors, 
beta blockers, and diuretics may be reduced. Convul- 
sions may occur due to an interaction with quinolo- 
nes. NSAIDs may enhance the effects of phenytoin 
and sulfonylurea antidiabetics. The effects of 
NSAIDs might be enhanced by use with moclobe- 
mide. The concomitant use of more than one NSAID 
(including aspirin) should be avoided because of the 
increased risk of adverse effects. The risk of gastroin- 
testinal bleeding and ulceration associated with 
NSAIDs is increased when used with corticosteroids, 
the antiplatelets clopidogrel and ticiopidine, or, possi- 
bly, alcohol, bisphosphonates. or oxpentifylline [pen- 
toxifylline]. There may be an increased risk of haem- 
atotoxicity during concomitant use of zidovudine and 
NSAIDs; blood counts I to 2 weeks after starting use 
together are recommended. Ritonavir may increase 
the plasma concentrations of NSAIDs. The manufac- 
turer of mifepristone advises that NSAIDs or aspirin 
should be avoided for 8 to 12 days after mifepristone 
use because of a theoretical risk that these prostaglan- 
din synthetase inhibitors may alter the efficacy of 
mifepristone. There have been occasional reports of 
increased adverse effects when NSAIDs were given 
with misoprostol although such combinations have 
sometimes been employed to decrease the gastroin- 
testinal toxicity of NSAIDs. 
Further details concerning the interactions of the indi- 
vidual NSAIDs may be found under their respective 
monographs. 
0 References. 
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Antihypertensives. For reference to the relative effects of 
NSAIDs in antagonising different types of antihypertensive 
drugs, see Effects on the Cardiovascular System under Adverse 
Effects, above. 

Pharmacokinetics 

Details of the pharmacokinetics of individual 
NSAIDs may be found under their respective mono- 
graphs. 
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191-210. 

Uses and Administration 

Administered as single doses or in short-term inter- 
mittent therapy NSAIDs can relieve mild to moderate 
pain. However, it may take up to 3 weeks of use be- 
fore their anti-inflammatory effects become evident. 
The combined analgesic and anti- inflammatory ef- 
fects make them particularly useful for the sympto- 
matic relief of painful andVor inflammatory condi- 
tions including rheumatic disorders such as 
rheumatoid arthritis, osteoarthritis, and the spondy- 
loarthropathies, and also in peri-articular disorders, 
and soft-tissue rheumatism. Some NSAIDs are used 
in the management of postoperative pain. Some 
NSAIDs, but not aspirin or other salicylates, are also 
used 10 treat acute gouty arthritis. 
Generally, it is felt that there are only small differenc- 
es in antt-inflammatory activity between the various 
~ . - ~ ■-. noice is empirica l. Responses 
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of individual patients vary* widely. Thus, if a patient 
fails to respond to one NSAID. another drug may be 
successful. However, it has been recommended that 
NSAIDs associated with a low risk of gastrointestinal 
toxicity should generally he preferred and the lowest 
effective dose used- Treatment with NSAIDs such as 
celecoxib and rofecoxib that are selective inhibitors 
of cyclo-oxygenase-2 is limited in the UK to those 
patients considered to be at high risk of developing 
serious gastrointestinal problems if given a non-selec- 
tive NSAID (see Effects on the Gastrointestinal Tract, 
above). 

NSAIDs are usually given by mouth, with or after 
food, although some such as diclofenac, ketoprofen, 
ketorolac, piroxicam, and tenoxicam can be given by 
intramuscular injection; diclofenac, ketorolac, and 
tenoxicam can also be given intravenously. Some 
NSAIDs are applied topically or given rectally as sup- 
positories. 

Several NSAIDs are used in ophthalmic preparations 
for the inhibition of mtra-operative miosis, control of 
postoperative ocular inflammation, and prevention of 
cystoid macular oedema. 

Action. Cyclo-oxygenases play an important role in the bio- 
synthesis of prostaglandins f p. 1438). NSAIDs inhibit cyclo- 
oxygenase-l (COX- 1) and cyclo-oxygenase-2 (COX-2) and it 
is thought thai inhibition of COX- 1 is associated with adverse 
gastrointestinal effects while inhibition of COX-2 U associated 
with anti-inflammatory activity.'- 6 hence the interest in prefer- 
ential or selective inhibitors of COX-2. COX-2 inhibitors may 
also have a potential use in other diseases Art which COX-2 
might be implicated. 4 Meloxicam and nimesuhde are preferen- 
tial inlubitors of COX-2. that is they have a higher selectivity 
for COX-2 than COX- 1 but are not exclusive COX-2 inhibitors; 
etodolac and nabumetonc are also claimed to have preference" ^ 
for COX-2 although there is less evidence for this. Drugs with 
a very high selectivity for COX-2 have also been developed. 
Celecoxib and rofecoxib are two examples. Although the selec- 
tive inhibition of COX-2 may be associated with reduced gas- 
irointestinal toxicity, adverse effects associated with such inhi- 
bition have been noted in other body systems, see Effects on the 
Cardiovascular System and Effects on the Kidneys, above. 
There is evidence that NSAIDs may also have a central mech- 
anism of action that augments the peripheral mechanism. 
Many NSAIDs possess centres of thiiality within their molec : 
ular structure, with different chiral forms (enanoomers) having 
different degrees of pharmacological activity. 1 - 9 For example, 
indometacin, its analogues, and some arylprapionic acids are 
chiral drugs with the S(+)-ertanriomcr in most cases showing 
the domimuU pharmacological activity. However, the ratio of 
S/R activity varies between drugs and between animal species. 
NSAIDs arc generally administered clinically as the racemate 
with only a few currenUy being'. given ; as the (S)-enantiomer 
< for example, dexketoprofen). The chirality of a drug may have 
subtle effects on its toxicity and interactions, and it may. be 
more desirable to arjminister a drug as its active enandomer. 
I Haytlar J. Bjnrnason I. NSAIDs, Cox-2 inhibitor*, and the gut 

Lancet 1995; 346: 521-2. 
2. Bennett A, Tavares (A. NSAIDs Cox-2 inhibitors, and the gut. 

/mincer 1995:346: II 05. 
V Vane JR. NSAIDs, Cox-2 inhibitors, and ihe gut. lancet 1995; 
346: 1105-6. 

4. Jouieau J-Y, et at. Cyclo-oxygenase isoenzymes: how recent 
findings affect thinking about nonsteroidal ami -inflammatory 
drugs. Drugs 1997; 53j 563-82. 

5 Richardson C. Emery P. The clinical implications of inhibition of 
the inducible form of cyclo-caygennse. Drug Safety 199ft; 15: 
249-60. 

6 Cashman JN. Tbe mechanisms of action of NSAIDs In analgesia. 
Drags 1996; 52 (suppl 5): 13-23. 

7. Hawkey CJ. COX-2 inhibitors. Lancet 1999; 353: 307-14. Cor- 
rection, ibid. 1440. [do*e| 
X. Kean WF, ci ai. Chirality in antirheumatic drugs. Lancet I9*J1; 
338: 1 565-8. 

<i Hay ball PJ. Chirulity and nonsteroidal anti- inflammatory drugs. 
Diugs 1996: 52 (suppl 5): 47-5B. 



Colic pain. Prostaglandins have been implicated in the aetiol- 
ogy of biliary colic (p.D). and some NSAIDs such as di- 
clofenac, indometacin. Jtnd ketoprofen have been used to re- 
lieve such pain. 

Ectopic ossification. NSAIDs are an effective alternative to 
radiotherapy for prevention of ectopic ossification (p.744) after 
>ui gery or trauma. Indometacin is widely used for this purpose. 
References. 

I Puwtaiii MJ. et itl. EITeci of aspirin on heterotopic ossification 
after total hip arthroplasty in men who have osteoarthrosis. J 
Bone h,int Surg Am 1991: 73A: 924-M. 

? Knclles D. ei u/. Prevention of heterotopic ossification alter total 
hip replacement: a prospective, randomised Mudy using aceiyl- 
lalicylic acid, indomclhacin and fractional or >iogle-dose irradi- 
ation. J Bone Jomf Surf Br 1997: 7VU: 596-602. 

1. Moore KD. et al. lndomethacin versus radiation therapy for 
piophylaxii against heterotopic ossification in acetabular froc- 
tures: a randomised, prospective study. J Butte Joint Surg Br 
V.m\ 80: 259-63. 
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4. Kolbl O, no I, f/reoprrauve irraoiatton versus, the use of nonster- 
oidal ami- inflammatory drops lor prevention of hettf rotoptc usit- 
liiMlton following uual hip replacement: ihe result* of a rand- 
omized Cli.il. Inl J Rudittt Om.nl Bad Ph\> 1Q9R; 42: 397-401 . 

5. Sell S. ft id. The suppression of heterotopic o»stric.ilion»: radia- 
tion 'erstis NSAlD ihmpy-ii prospective study. / Arthntplatrv 
I0<)S: 13: ?.« v. 

6. Kiriuipfri H. etol. Pie^itiioii ut hcteiuiopK bonr formation ni- 
ter mii\ hip axtludplasty: a protective randomised study corn- 
poring pn«oper«tive radiinion tliernpy «-iih indomrihuciri medi- 
cation. .Aich Orthap Trauma Surg l*W9: 119: 296-,KJ3. 

7 Neal B. ti cl. Nun-oernidjl anti-inflammatory drugs for prevent- 
ing heterotopic bone formation after hip arthroplasty * updated .10 
August 2001). Available in The Cochrane l.ihrarv: Ksue 4 O*- 
ford: Update Software: 200J . 

Bye disorders. Miosis resistant 10 conventional mydriatics of- 
len develops during ocular surgery, possibly due to release of 
prostaglandins and other substances associated with trauma. 
NSAIDs, which are prostaglandin synthetase inhibitors, are 
therefore used prophylacncally as eye drops before ocular sur- 
gery to ameliorate intraoperative miosis but there has been 
some doubt that the effect they produce is of clinical signifi- 
cance. Those commonly used include diclofenac, indometacin, 
flurbiprofen, and suprofen. These drugs do not possess intrinsic 
mydriatic properties. 

Some NSAIDs are used topically or systemically in a number 
of inflammatory ocular disorders, including inflammation and 
cystoid macular oedema following ocular surgery (see below). 
However, their role in the treatment of macular oedema associ- 
ated with uveitis (p. 1060) is less clear. NSAIDs are also used in 
the treatment of scleritis (see p. 1058). 
References. 

1. Flach AJ. Cyclo-oxygenase inhibitors in ophthalmology. Sun- 
Ophthalmol 1992: 36: 259-84. 

2. Koay P. The emerging roles ol topical non-steroidal am i- inflam- 
matory agents in ophthalmology. Br J Ophthalmol juo<s : 80: 
480-5. 

posTOPERvnvF inflammatory ocular disop.oe^s Corticoster- 
oids are used topically for the control of postoperative ocular 
inflammation but camion is required as they can delay wound 
healing and mask postoperative infection. They should only lie 
used for .>hon periods as they can cause glaucoma in suscepti- 
ble individuals. Topical NSAIDs have also been tried. Despite 
some doubts over efficacy several studies have found eye drops 
containing diclofenac sodium lo be effective in controlling 
signs of inflammation after ocular surgery. M but there has been 
some concet ti about reports of corneal toxicity (see pJO). 
Cystold macular oedema may follow cataract or rctinai de- 
tachment surgery due to a disturbance of the blood-ielinaj bar- 
rier. A number of NSAIDs, 1 " 6 including diclofenac, flurbipro- 
fen, indometacin, and ketorolac are used topically with or 
without corticosteroids to prevent or relieve cystoid macular 
oedema. NSAIDs such as indometacin are also used systemi- 
cally in its management. 

1. Kraff MC. er al. Inhibition of blood-aqueous humor harrier 
breakdown with diclofenac- a fluurophotomeiric study. Anh 
Ophthalmol 1990: 108: JMJ-3. 

2. Wright M, et al. Comparison ot the efficacy of diclofenac and 
betamethasone? following strabismus surgery. Br J (tphthainud 
l l «7;JJI: 2W-10I 

.1 Italian Diclofenac Study Group. Efficacy of diclofenac eyedrops 
in preventing postoperative inflammation and long-term cystoid 
macular edema. J Cataract Re/nu t Sitr* 1997; 23: 1183-9. 

4. Jampol LM. Pharmacologic therapy of aphakic and psetidophak- 
ic cystoid macular edema. Ophthalmology 19K5; 92: 807-10. 

5. Bach AJ. er ul. Effectiveness of ketorolac iromeihamine 0.5**. 
ophthalmic solution for chronic aphakic ond ptseudophakic cysr- 
oid macular edema. Am J Ophthalmol 1987: 103: 179-86. 

6. Jampol LM, etal. Nonsteroidal anti-inflammatory drugs and cat- 
aract surgery. Anh Ophthalmol 1994: 112: 891-4. 

Fever. Paracetamol, salicylates and some other NSAIDs are 
the main antipyretics used to control fever (p. 8). Paracetamol is 
usually the antipyretic of choice in infants and children but ibu- 
profen appears to be an effective alternative: salicylates are 
generally contra-indicated in these patients because of the pos- 
sible link between their use and the development of Reye's syn- 
drome (see under Adverse Effects of Aspirin, p. 15). 
Gout. NSAiDs are the drugs usuaJJy used rin»t for the treat- 
ment of acute attacks of gout (p.397). Since the treatment of 
chronic gout can lead to the mobilisation of urate crystals Hum 
established tophi to produce acute attacks NSAIDs may also 
he used for the prophylaxis of acute gout during the 1irM lew 
months of antihyperuricaemic therapy 

Headache. An NS.AID is often tried first for ihe symptomatic 
treatment of various types of headache including migraine 
(p.449) and lens ion -type headache (p. 450). NSAIDs may also 
be effective prophylactic drugs for mi grume, although pro- 
pranolol or ptiotifen are generally preferred. Chronic paroxys- 
mal hemicrania. a tare variant of cluster headache t p.449). re- 
sponds to indometacin. 

Kidney disorders. Although NSAIDs can produce adverse 
effects on the kidney tsee above! they may have a role tn the 
management of some types of glomerular kidney disease 
i p. 105 1 ). They may be of use for the control of proteinuria due 
lo nephrotic syndrome except when there is overt renal failure. 
Malignant neoplasms. Results of a study by the American 
Cancer Society' have suggested that regular use of aspirin may 
reduce the nsk of developing fatal cancer of the oesophagus, 
'tumach, colon, or rectum. Death rates due to other gastrointes- 
tinal cancers did not appear to he affected. Other studies : ' 7 ap- 



pear lo support the reduced risk of colorectal cancer ip.49 3) in 
regular users of aspirin or other NSAIDs. However, a 19YK 
study 11 lound no evidence of an association between the use of 
aspirin and the incidence of colorectal cancer, although the au- 
thors suggest that these results may be explained by the short 
treatment period and the low dose of aspirin used. Long-term 
use of aspirin may iixelf be associated with an increased risk of 
certain other diseases. 

Treatment with sulindac i.p.86) has been found to reduce the 
number of polyps in patients with familial adenomatous poly- 
posis, a condition which predisposes to development of eolor- 
ectaJ cancer. Celeco.xib is now indicated for use in such pa- 
tients. 

I. Thur: MJ. et al. Aspirin isur and the risk of fatal cancer Cancer 
Res I99.V.53: 1322-7. 

2 Rosenberg L. rr al. A liyprthesii: nonsteroidal anti-inflamraator) 
drugs reduce the incidence of large-bowel cancer. J html Cancer 
Inst 1991:83: 355-8. 

3 Logan RFA.er al. Effect of aspirin and non-steioidal anti-inflam- 
■ matory drugs on colorectal adenomus: case-control study of sub- 
jects participating m ihe Nottingham faecal occult blood screen- 
ing programme. BMJ 1993:307: 285-9. 

4. Giovannurci E»w al. Aspirin use and the risk for colorectal can- 
cer and adenoma in male health professionals. Attn Intern Med 
1994; 121: 241-6. 

5. Giovannucci E. e/ n/. Aspirin and the risk of colorectal cancer in 
women. N En$l J Med I0<>5: 333: 609-14. 

6. Sandler RS, e/ al. Aspirin and nonsteroidal anti-inflammatory 
agents and ruk for colorectal adenomas. Gatirortuemlaix 1998; 
114:44J-7. 

7. Smalley W, ft al Use of nonsteroidal anti-inflammatory drugs 
and incidence of colorectal cancer; a population -based" studv. 
A rch intern Med 1999: 159: 161-6. 

8. Stunner T. etal. Aspirin use and colorectal cam. ei: post-trial fol- 
low-up data from the Physicians" Health Study. Ann Intern Med 
1998; 12Kt 713-20. 

Menstrual disorders. Menorrhagia (p. 1490) is thought m be 
associated with abnormalities of prostaglandin production. 
Treatment with NSAIDs such as ibuprofen. mefenamic acid, or 
naproxen during menstruation, can reduce uterine blood loss 
by an average of 30% in women wiih menorrhagia. There does 
not appear to be any evidence that one NSAID is more effective 
than another. 

NSAIDs are usually the first choice for the pain of dysmenor 
rhoea (p.6). Mefenamic acid may have a theoretical advantage 
over other NSAIDs in being able to inhibit both the synthesis 
and the peripheral action of prostaglandins, but clinical studies 
have not shown fenemates to be more effective, and systematic 
review has suggested that ibuprofen may have the best 
risk/benefit ratio. 

Migraine. See under Headache, above. 

Orthostatic hypotension. Fludrocortisone is usually the 
first drug tried in the treatment of orthostatic hypotension 
(p, 10701 when nonpharmacologica) treatment has failed. 
NSAIDs such as flurbiprofen, ibuprofen. or indomelacin may 
he used alone or added to treatment if the response is tnude- 



Paln. NSAIDs have a similar analgesic effect to aspirin and 
paracetamol in single doses but, in regular full dosage, they 
have both a lasting analgesic and an ant i-inflamma lory effect. 
They are used in the management of mild to moderate pain 
(p.2) and are of particular value in pain due to inflammation. 
NSAIDs may be of benefit for inflammatory pain tn infants and 
children (p.3), although paracetamol is generally the preferred 
non-opioid analgesic in this age group. NSAIDs may be used 
tn the treatment of acute low back pain (p.6) if paracetamol 
fails to provide adequate pain relief. NSAIDs may also be used 
as an adjunct to opioids in the management of severe pain such 
as cancer pain (p.5) and are particularly effective in bone pain 
of malignant origin. NSAIDs may be used for postoperative an- 
algesia (p.4). and are of particular value following day-case 
surgery because of their lack of sedative effects. They are not 
usually considered to be s iron g enough as the sole analgesic 
following major surgery, hut may be used with stronger analge- 
sics and may allow dosage reduction of concomitant opioids. 
The pain of mild sickle-cell crises tp.7) may be controlled by 
analgesics such as NSAIDs or less potent opioids, for example 
codeine or dihydrocodeine, NSAIDs may be used with more 
potent opioids such as nun phi tie for severe crises. 
Dependence and tolerance are not a problem with non-opioid 
analgesics such as NSAIDs. but there is a ceiling of efficacy, 
above which, increasing the dose has no further therapeutic ef- 
fect. 

Rheumatic disorders. NSAIDs provide symptomatic relief 
for rheumatic disorders Mich ns rheumatoid arthritis ip.9| and 
spondyloarthropathies t p. 10). but they do not alter the course of 
ihe disease and additional antirheumatic drugs may need to be 
given to prevent irreversible joinl damage. NSAIDs may also 
Ik' used as an alternative to paracetamol for osteoarthritis \pM\. 
Short-term use ot oral NSAIDs may help to relieve pam and 
reduce inflammation of soft-tissue rheumatism (p. 10): topical 
formulations of some NSAIDs air also used but their therapeu- 
tic role, if any. i. unclear. 
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Dependence and Withdrawal 

Repealed administration of opioids is associated with 
the development of psychological and physical de- 
pendence. Although this is less of a problem with le- 
gitimate therapeutic use, dependence may develop 
rapidly when opioids are regularly abused for their 
euphoriant effects. Drug dependence of the opioid 
type is characterised by an overwhelming need to 
keep taking the drug (or one with similar properties), 
by a physical requirement for the drug in order to 
avoid withdrawal symptoms, and by a tendency to in- 
crease the dose owing to the development of toler- 
ance. 

Abrupt withdrawal of opioids from persons physical- 
ly dependent on them precipitates a withdrawal syn- 
drome, the severity of which depends on the individ- 
ual, the drug used, the size and frequency of the dose, 
and the duration of drug use. Withdrawal symptoms 
may also follow the administration of an opioid an- 
tagonist such as naloxone or a mixed agonist and an- 
tagonist such as pentazocine to opioid-dependent per- 
sons. Neonatal abstinence syndrome may occur in the 
offspring of opioid -dependent mothers and these in- 
fants can suffer withdrawal symptoms at birth. 
Opioid analgesics can be classified according to the 
receptors at which they act (see under Uses and Ad- 
ministration, below) and withdrawal syndromes are 
characteristic for a receptor type. Cross-tolerance and 
cross-dependence can be expected between opioids 
acting at the same receptors. Dependence associated 
with morphine and closely related u-agonists appears 
to result in more severe withdrawal symptoms than 
that associated with K-receptor agonists. Onset and 
duration of withdrawal symptoms also vary according 
to the duration of action of the specific drug. With 
morphine and diamorphine withdrawal symptoms 
usually begin within a few hours, reach a peak within 
36 to 72 hours, and then gradually subside; they de- 
velop more slowly with methadone. Withdrawal 
symptoms include yawning, mydriasis, lachrymation, 
ihinorrhoea, sneezing, muscle tremor, weakness, 
sweating, anxiety, irritability, disturbed sleep or in- 
somnia, restlessness, anorexia* nausea, vomiting, loss 
of weight, diarrhoea, dehydration, leucocytosis, bone 
pain, abdominal and muscle cramps, goose flesh, vas- 
omotor disturbances, and increases in heart rate, res- 
piratory rate, blood pressure, and temperature. Some 
physiological values may not return to normal for 
several months following the acute withdrawal syn- 
drome. 

Withdrawal symptoms may be terminated by a suita- 
ble dose of the original or a related opioid. Tolerance 
diminishes rapidly after withdrawal so that a previ- 
ously tolerated dose may prove fatal. 
For a discussion of the treatment of opioid depend- 
ence and neonatal abstinence syndrome, see below. 
0 Review. 

I . Van Ree JM. et al. Opioids, reward and addiction: an e ncouoier 
of biology, psychology, and medicine. Pharmacol Rev I WO 51 • 
.Ml-96. 

Diagnosis. Naloxone (p. 1015) and other opioid antagonists 
have been used to diagnose opioid dependence. 

Treatment of opioid dependence. The treatment of opioid 
dependence has been the subject of a number of reviews and 

discussions.'' 7 

Planned withdrawal (detoxification) may be effected slowly or 
rapidly. The usual method in many countries is to replace the 
drug of dependence with methadone given as a liquid oral prep- 
aration, and then gradually withdraw the methadone if possi- 
ble. Methadone is suitable for withdrawal therapy because it 
can be given orally and its long half-life allows once daily ad- 
ministration. Oral diamorphine has been used similarly to 
methadone: reefers containing diamorphine have also been 
used in some centres. DihydttKtuieine tablets have been used 
successfully. Ruprcnorjthme given sublingually is another al- 
ternative to methadone in the treatment of opioid dependence. 
The methadone derivative U'varerytmeihadol was a more recent 
introduction but its proaiThythrruc effects have led to its use 
being suspcikled or severely restricted. 
Iatrogenic opioid dependence may occur in patterns receiving 
m -agonists such as morphine, fenianyl. or pethidine for the 
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